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time for the four different indentor geometries. The results show that
indentors of different cross section produce different creep curves, in
particular with reference to the initial gradient and ﬁnal displacement.
These differences were statistically signiﬁcant (p<0.05) when other cross
sections were compared with the round indentor.
Figure 1. Displacement against time curves for differently shaped indentors.
Conclusions: The results from this study indicate that indentors with a
rectangular cross-section produce a more rapid displacement compared to
the round and square indentors as a result of faster ﬂuid expression from
the matrix. Round and square indentors demonstrate lower initial gradients
when compared to the rectangular indentors, as a consequence of shorter
ﬂuid trajectories in the latter. This is of particular signiﬁcance in the devel-
opment of the simulator as a mechanism for reducing water content of the
gel matrix during loading, allowing control of the ﬂuid expression rate by
using an appropriately shaped indentor. These observations may also have
signiﬁcance in vivo since ﬂuid movement within articular cartilage matrix
is important for lubrication and nutrition; the results suggest that the
shape of the intra-articular contact area within joints may be signiﬁcant for
joint health.
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BONE REGENERATIVE FACTOR (BRF): AN EXERCISE INDUCED
MECHNOSENSITIVE PROTEIN IN BONE
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Purpose: It is well documented that appropriate mechanical loading is
anabolic and induces bone and cartilage formation via activating their
respective cells. Recently, mechanical signals have been employed for the
regulation of cartilage and bone growth, bone strength, as well as its struc-
ture. All, bone morphogenic proteins, growth factors and required signaling
molecules are induced by mechanostimulation of the bone. However, the
basis of cartilage/bone remodeling underlying such responses to loading is
still in emerging stages. The present study was designed to examine the
molecules(s) responsible for local and systemic responses of cartilage/bone
to mechanosignaling.
Methods: Following approval of the protocols by IACUC at The Ohio State
University, sprague-dawley females rats (4 months old; n=8/group) were
subjected to exercise on treadmill 45 minutes/day for 0, 1, 2, 5, or 15 days.
Subsequently, the femurs and tibia were harvested and analyzed for the
expression of various proteins in control rats and rats subjected to exercise
for various numbers of days. Examining the incorporation of calcien and
alizarin in bone over a period of one week monitored bone remodeling.
Messenger RNA and protein expression was determined by RT/PCR and
Western blot analysis, respectively.
Results: We observed that a glycoprotein, BRF, is signiﬁcantly upregulated
in the cartilage and trabecular bone by exercise. Furthermore, primary
cultures of chondrocytes/osteoblasts subjected to compressive forces also
exhibited upregulation of BRF expression. The data demonstrates that gene
deletion for BRF in mice resulted in highly mineralized and brittle bones.
Furthermore, the bones of these mice did not remodel in response to
exercise, and exhibited decreased trabecular bone formation as compare to
age and sex matched control mice. BRF was also found to be signiﬁcantly
upregulated within 4 and 8 hours in the serum of rats subjected to exercise
and gradually decreased in the ensuing 16 to 20 hours. Proinﬂammatory
cytokines suppressed the mRNA expression of BRF in chondrocytes and
osteoblasts in vitro. Furthermore, immunohistochemical analysis revealed
the presence of BRF in control rat cartilage and bone specimens, but its
Figure 1. Effect of exercise on bone deposition in WT and BRF-/- mice. Cross sections of a
femur from wild type (WT) mouse showing closely placed calcien and alizarin bands (a),
cross section of WT femur following 1 week of exercise showing bone synthesis during
1 week between calcein (green) and alizarn (red) bands (b). Cross section of a femur of
BRF-/- mouse showing minimal bone deposition before (c) and after exercise (d).
negligible presence in the inﬂamed cartilage and bones obtained from rats
with experimentally induced OA (Fig. 1).
Conclusions: Present studies demonstrate that BRF, (i) is a novel and
important mechano-responsive gene product that is produced in response
to exercise; (ii) the expression of BRF is required for loading-induced bone
remodeling, as its absence causes failure of bone remodeling in response to
exercise, and (iii) inﬂammation supresses expression of BRF, suggesting that
its loss may result in failure to repair bone/cartilage during osteoarthritis.
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Purpose: This study describes the temporal dynamics of contrast dis-
tribution in both cartilage and meniscus using two different doses of
Gd-DTPA2-.
Methods: 9 asymptomatic volunteers, (4 males) ages 23-28 years (mean
25) were examined twice (5-6 months between the examinations) after an
intravenous injection of Gd-DTPA2- at double and triple doses (0.2 and 0.3
mmol/kg body weight), respectively. The posterior horn of the meniscus
and the weight bearing femoral cartilage in both the lateral and medial
compartment were analyzed. Imaging with corresponding T1 analysis was
performed before and four times (60; 90; 120; 180 min) after the intra-
venous injection. In order to establish the concentration of Gd-DTPA2- in
the tissues, Delta R1 was calculated (Delta R1=1/T1Gd-1/T1pre, where T1Gd
is T1 after contrast injection and T10 is T1 precontrast). T-test was used for
the statistical evaluation.
Results: Precontrast, T1 was shorter in the meniscus than in the articular
cartilage. For medial meniscus and cartilage, T1 (ms, mean ± SD) was
520±37 and 611±27, respectively (p<0,001) (Figure 1). After contrast
injection, T1 decreased in a similar pattern for both meniscus and cartilage
(Figure 1). Accordingly, T1 was signiﬁcantly shorter in the menisci than in
the cartilage. For example, at 90 minutes T1 in the medial meniscus was
347±44 ms compared to 472±50 ms in the cartilage (p<0,001) (Figure
1). Delta R1 calculations showed that the concentration of Gd-DTPA2- was
approximately twice as high in the meniscus at all time points (Figure 2).
Figure 3 shows a trend towards lower T1 values in the lateral compared to
the medial meniscus at all time-points after injection (p=0.06-0.01). Figure
4 shows that both the double and the triple doses resulted in signiﬁcant
lowering of T1 values. As expected, the triple dose yielded lower T1 values
than the double dose, from >500 precontrast to 266±38 at 180 minutes
compared to 329±43 when the double dose was used.




Conclusions: In this ﬁrst study of Gd-DTPA2- transport into meniscal tissue,
the diffusion pattern was very similar between the meniscus and articular
cartilage, with a continuous wash-in until approximately 90 minutes after
injection. This is beneﬁcial in a clinical perspective because both structures
can be analyzed with dGEMRIC at the same time after contrast injection.
Notably, the concentration of Gd-DTPA2- was twice as high in the meniscus
as in the cartilage, as shown from the Delta R1 values. This may reﬂect that
the meniscus contains less GAG than articular cartilage, a fact supported
by several in vitro studies of canine and human meniscus. The higher
Gd-DTPA2- concentration in the meniscus could also be explained by a
larger contact are with synovial ﬂuid, i.e., that the diffusion occurs from
both sides of the meniscus. In vitro experiments with higher resolution
(higher ﬁeld strength) are needed to conﬁrm this hypothesis.
Previously, a linear dose-response relationship has been shown in femoral
knee cartilage [4]. The present study indicates that this may be true also for
the meniscus. However, the drop in T1 after contrast injection was highly
signiﬁcant already with the double dose. Our T1 data at 90 minutes after
the double dose are similar to what has been previously reported in human
Figure 4
menisci by Krishnan et al. [5]. Future studies need to investigate the clinical
relevance of dGEMRIC of the meniscus. However, the preliminary data pre-
sented by us and others [5] indicate that the method is clinically feasible.
The lower T1 in lateral compared to medial meniscus was unexpected but
may reﬂect structural differences.
487
EXPRESSION PROFILING OF SKELETOGENIC-RELEVANT PATHWAYS
REVEALS CONTRASTING PATHOGENETIC MECHANISMS IN MENISCAL RNA
FROM OSTEOARTHRITIS VERSUS CHONDROCALCINOSIS PATIENTS
A. Colon1, J. Parvizi1, N. Pleshko2, C.J. Williams1, T.A. Freeman1
1Thomas Jefferson Univ., Philadelphia, PA; 2Temple Univ., Philadelphia, PA
Purpose: The purpose of this study was to assess the expression of ANK,
and other skeletogenic transcripts, in the tissue that most often harbors
crystals in individuals affected with idiopathic CPPD disease - the meniscus
of the knee - and to contrast our ﬁndings with those in menisci from
osteoarthritis patients without CPPD disease.
Methods: Menisci from total knee replacement (TKR) patients were ob-
tained post surgery. Tissues sections were subjected to alizarin red staining
to identify mineralized specimens and the chemical nature of the mineral
was conﬁrmed by FTIR analysis. For gene expression proﬁling, osteoarthri-
tis patient samples included 3 with CPPD deposition and 3 without CPPD
deposition. RNA was isolated from menisci by pulverization under liquid
nitrogen followed by RNA extraction using the RNeasy Lipid tissue kit (Qi-
agen). cDNA was synthesized from the isolated RNA and used in qRT-PCR
analyses using macroarrays speciﬁc for pathway analyses of osteogene-
sis and chondrogenesis transcripts (SA Biosciences). Immunohistochemical
staining for proteins whose transcripts showed differences among OA/CPPD
vs. OA menisci was performed on tissue sections from 12 TKR patients, 6 of
whom suffered from FTIR- conﬁrmed CPPD deposition.
Results: Contrary to our expectation, the expression of ANK, a gene whose
over-expression and mutation is associated with CPPD mineralization,
was not elevated in OA/CPPD menisci. Array transcripts included those
for cell growth and differentiation, extracellular matrix and cell adhesion
molecules, bone mineral metabolism, and mineralization. Among those
transcripts that displayed elevated levels of expression in OA/CPPD menisci
compared to OA menisci was osteopontin (OPN), MEPE, and MMP14.
Expression of the matrix molecules osteonectin and decorin were signiﬁ-
cantly depressed in OA/CPPD menisci vs. OA specimens, as were transcripts
important to chondrocyte differentiation, including SOX9 and CDH11. We
performed immunohistochemical analyses of OPN expression in tissue
sections from OA/CPPD vs. OA menisci. In a blind screen of OPN staining of
the sections, menisci containing CPPD crystals demonstrated signiﬁcantly
elevated expression of OPN (p<0.001).
Conclusions: Signiﬁcant differences in the expression of several skeleto-
genic genes and their products were observed in OA/CPPD menisci vs. OA
menisci, suggestive of distinct pathogenetic etiologies between the two
conditions. Furthermore, the observed expression proﬁle was consistent
with the non-endochondral ossiﬁcation nature of CPPD deposition. Of
particular interest was the fact that OA/CPPD meniscal specimens did not
express aberrant levels of ANK, but rather displayed striking differences in
the expression of OPN, a secreted phosphoprotein whose expression has
previously been shown to facilitate CPPD deposition in vitro.
